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Abstraot

Methods of staining and tagging shrimp are reviewed. Marking methoda discuseed
are stalning by injeotion, foeding, and immersion, and tagging with internal and exter~
nal tags. Some aide for handling and releasing live shrimp are also discussed.

METHODES DE MARQUAGE DES CREVETTES

Resumé

Etude du marquage des orevettes par coloration (injecotion, ingestion et immersion)
et l'utilisation de marques internes ou externes. quelques dispositifs pour manipuler
ou relficher les crevettes vivantes sont également examinés.

;/ Contribution No. 256, Bureau of Commerocial Fisheries, Biological Laboratory,
Qalveston, Texas 77550, U.S.A.
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METODOS DE MARCADO DB CAMARONES
Extraoto '

Ss pasa resena de los métodos de coloraoidén y marcado de oamarones. Loe métodos
de maroado disoutidos, eon los siguientest ocoloracién por medio de inyeccién, aliment-
acién o irmersién, asi como marcado oon marcas internas y externas. Se discuten
tnnhién los modos mds aptos para la mnnipulaoiﬁn.y libveracidén del canarén vivo,
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1 INTRODUCTION

| Several authors have recently revieved tagging methods used for fish and crugt-
aceans (Ceorge, 1967; Rounsefell, 1963; and Arnold, 1966). A number of methods
of maxrking ocrustaceans have been testsa but few are truly satiafactory., The attachment
of tags or the injection of foreign materials usually has some undesirable effects.

The problemes are numerous in the search for a satisfaoctory method of marking shrimp.
Methods developed for fish usually are not effaective for shrimp because of the emall size

of shrimp, the periodic shedding of the exoskeleton, and the commercial methods of handl-
ing and prooessing shrimp. - o | o |

. The most satisfaotory methods of atainingg'tagging, ahd.handling shrimp are disg-
- oussed in this paper. | - B o o | o

2 STAINING BY INJECTION

2.1 Development of stainigg.ﬁbthqdﬁ

- Methods of staining shrimp used first by Menzel (1955) have been refined by several
other workers, Dawson (1957) experimented with 26 biologiocal stains as marking agents
administered by injeotion, feeding,and immersion. Costello (1959) injected into shrimp

golutiona of 65 atains and inks to test thelr effectiveness as marking agents, Costello
~and Allen (1961) compared mortality due to predation on stained and unmarked shrimp.
- They concluded that stained and unstained shrimp were equally vulnerable to predetion.
Costello (1964) discussed ataining techniques, and Klima (1965) evaluated combina ions of
several different marks. The techniques for staining shrimp by injection have evolved
with the accumulation of experience gained from numercus mark-recapture experiments,

Hhﬁﬁ a biological stain is injected into a sbrimp, it accumulates and is retained
in the gills (a photograph of a stained shrimp is presented in Fig. 1), 1f the correot
amount of stain ia used, it is visible only in the gills about 24 h after ptaining.

The natural coloring of shrimp either before or after death must be considered in

-~ the choice of stains. Red, blue and green are part of the natural coloration of one

or more species, The natural colors of the shrimp, the size whan stained, and the

loength of time the mark must remain visible also should be considered in determining

the correct amount of stain to be injected. The amount injected should be the smallest

- amount that will produce a mark satisfactory for a particular study. Any undesirable
effeots of the stain inorease with dosage.

The methods now followsd at the Bureau of'CommerciaifFishariaa Biological Lﬁbaratary
Galveston, Texas, for staining pink shrimp (Penasus duorarum Burkenroad), brown shrimp
(Penasus aztecus Ives) and white shrimp (Pepaeus setiferus Linnacus) are disoussed -
"below. ' B | | o . | S

2.2 Injeotion procedure

Fresh s¢lutions of stain are mixed before each day's ataihi because some toxicity
may develop in soluticns held for more than 1 day (Costello, 1964). Staining solutions
are filtered through No. 1 filter paper to remove large particles. |

| If a quantity of less than 0.1 ml is injected into each shrimp, a small tuberculin
eyringe with a 6.35-mm (¥/4-in), 30-gauge needle is used.. If more than 0.1 ml is in-

Jected, the use of a continuous pipetting outfit equipped with a l-ml Luer-Lok syringe

- and a 26~or 27-gauge nesdle facilitates the injection procedure (Fig. 2).

A satiafaotory injection site is the artiaular—mambrané_bettaen the 3rd and 4th
abdominal segments. The needle is inserted laterally to minimise injury to the gut,



Fig. 1 Fenaeld shrimp stcined by injection of Nlagera sky blus.



Flg. 2 Continuocus pipetting outfit used for rapid injection of biclegieal stains.
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arteries or nerve cord (Fig. 3). Insertion of the needle through the articular mem—
‘brane minimizes breakage of the exoskeleton and ologging of the needle with bits of
exoskeleton. | | - | |

2, 3 Stains

| - Fast green FCF mixed with distilled water to‘form a 0.5% solution of the stain is
used for marking shrimp. The amount injected per shrimp ranges from 0.03 to 0.30 ml
depending on the mige of the shrimp. Becausme it contrasts sharply with the natural
color of shrimp, the green color in the gille is etill readily visible after several
monthe. This color fades gradually over a period of 2 to 3 mo so that the vividness
of the mark decoreases. Nevertheless, it has been used in lerge-socale fisld experi-
ments with pink, brown and white shrimp. Recovery of as many as §2% of the shrimp

stained and released in these experiments indicates that the adverse effectes of the
- stain are slight, possibly negligible. |

Comparison of oxygen uptake of shrimp stained with Fast green FCF with that of
unetained ehrimp by Zein-Eldin and Klima (1965) disclosed no appreoiable difference

-between the stained and unstained shrimp.

Niagara sky blue 6B in concentrations of 0.25% in distilled water is also used as
& shrimp stain, This stain ie injeoted in quantities of 0.03 to 0.30 ml per shrimp.
Shrimp retain a vivid blue color in their gills for at least 5 t0 6 mo. Shrimp have
‘been stained with Niagara sky blue in field experiments with resulting returns as great
a8 30% of those released. | o B | | |

Trypan blue likewise has been used sucocessfully in a number of mark-recapture
experiments. The oolor of this stain is retained so well that only small amounts
are required to produce a satiefactory mark., When a 0.25% solution of Trypan blue
in distilled water 1s used, 0.03 to 0.15 ml per shrimp is adequate to produce a lasting
mark . Costello (1964) demonstrated that Trypan blue and Trypan red are more toxic to
pink shrimp than Fast green. The higheat percentage of returns of shrimp marked with
Trypan blue has been 33%. - o o

- Trypan red was used successfully to mark shrimp under laboratory conditions |
(Dawson, 19573 Costello, 1964). The stain has no apparent value for field studies
in the Gulf of Mexico because the natural colors of the shrimp are similar to the
oolor of this stain. Dawson (1957) reported that this stain was clearly visibls in
the gills of shrimp 8 mo after injection. Quantities of 0.03 to 0.20 ml of & 0.50%
golution in distilled water were injected into each shrimp. - - -

~ Blue and green machine inks in;antad into ahrimp,'pradunad marks satisfactory
for short-term studies (Klima, 1965), They faded within 1 week, but apparently did
not cause mortality of the shrimp. These inks have not been tested in field experi-
ments, - | | | S

~ The sources of stains and marking materials used at the Bureau of Commercial Fish-
eries Biological laboratory at OGalveston, are identified in Table I. |

3 STAINING BY FEEDING
~ Dawson (1957) stained emall pieces of mullet, Mugil cophalus Linnasus, with 23
different stains and fed varying quantities to shrimp. Although thess feedings caused

staining of the anterior digestive tract, some of the staine caused mortality, and
fading of the stained area usually was rapid. | |

4  STAINING BY IMMERSION

| The eimplicity of ntainiﬁg by immarsion‘and.th-'faot that no physiocal injury is
infliocted upon the shrimp meke the poseibility of using this method attractive. Results



Fig. } Injection sita for hislegical atmina,
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o TABLE I
Sourages of narking materials used by the Bureau of Commercial
4riahorieu at the Biolqgioal Laborntnry, Galveston, Tb:an_/

 Marking material

Bhrtman—Leddon Gnmp&nf |

- Fast green FCF ]
- Philadelphia, Paunaylvnnia,

Nisgara sky blue 6B
Trypan blue
Trypan red

Nile blue A

Neutral red

Bates Manufacturing Gﬂmpany

Blue and gréen machine inks
S Orange, New Jeraay

Erenah Food Company
Roohester, New Ibrk |

‘Red anﬂ blue food oola;iqg'

'Tbahniaal Research Company

Color -ovded, wire tags achn
S Seattls, Washington

Switser Brothers, Ing.
Cleveland, Chioc

ﬂuy—ﬂlo fluorescent pigments
(Baturn yellow, Blaze orange,
Aro yellaw, and Neon red)

Floy Tag Company
Seattle, Washington

Polyvinyl ohloride internal
tage

1/ Trade names refarred $0 in this publioation do not imply
endorsement of aonmaroial produotn. . |
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of immersion staining experimente are-inadequats, however, to determine if stains sre
retained through the molting process. | |

- The use of immersion teohniques for marking shrimp was discussed by Reoek (1956),
Of four stains tested, he concluded that two (Trypan blue and Nile blue sulfate) were
partially satisfactory. Shrimp stained with Trypan blue had a distinotive nonfading
blue tint 2 weeks after immersion. However, about half the shrimp immersed in =
Bolution of Trypan blue for 2 min died after removal from the solution. Racek (1956)
stated that Nile blue sulfate was the most promising etain tested., Shrimp were immersed
3 to 4 min in a 0.1% solution of Nile blue sulfate in sea~water. The mark produced
was retained for "a long period". - |

Dawson (1957) teeted Aliszarin red 5, Bismark brown Y, Janus green B, Methyl green,
‘File blue sulfate, Trypan blue, Trypan red, and Fast green FCF to determine their
effeotiveness as immersion stmins. Marks produced by immersion in solutions of all
except the last disappeared within 4 days. Immersion of shrimp for 15 min in a 0.75%
s8olution of Fast green FCF in sea water produced some coleration visible up to 6 days

Immersion staining methode were also examined by Wheeler (1963) who was searohing
for a method of marking postlarval shrimp. Solutions of 11 etains, including liquid
food colorings and blological staine, were tested in different concentrations. When
shrimp 10 mp in total length (tip 6f rostrum to tip of teleon) were immersed for 10 min
in red and blue food colorings, their digestive tract wae etained heavily enough 8o
that color was visible 2 to 3 days later, although fading began immediately aftcr

their removal from the solution. Immersion of shrimp in solutions of Nile blue A and
Neutral red produced staining of the abdominal tissues which was vieible for at least
7T and 14 days, respectively. | . - |

The need io mark large numbers of Crangon crangon (Linnaeus) led to the examination
of various dyee to determine if any were sufitable &6 an immersion stain Mayer—-Waarden
‘and Tiews, 1965), They learned that immersion for 3 to % min in a 0.10% solution of
methyl violet "gentiana violet B" provided a mark suitable for short~term studies. The
stain faded after several weeks, and all traces of the stain disappeared when the animals
molted. This method may be of value for studies of shrimp movements or mortality dur-
ing a single intermolt period. |

5  EXTERNAL TAGS

5.1 Petersen disk tags .

Petersen disk tags have been used in a number of studies with several species of
shrimp. Extensive studies in which these tags were used were those conducted with
white shrimp by Lindner and Anderson (1956), ‘Red and white celluloid disks, individ-
ually numbered, 7.9 to 9.5 mm in diameter and 0.25 mm thick were attached to shrimp
with a niockel wire pin. - One disk was placed on each side of the shrimp, and the pointed
end of the pin was bent into a loop so that the disks could not be lost. The pin was
inserted through the musoculature of the lst abdominal segment (Fig. 4).

During this study by Lindner and Anderson (1956), the number of deaths resulting
from the effects of tagging were higher for emall than for large shrimp within the migze
range 80 to 135 mm total length. Data from returns of this tag were used to determine
the migrations and growth rates for this speocies along the southern Atlantio ococast{ and
the Qulf coast of the United States. Of a total of 45,022 shrimp tagged and released,
7,167 or 16% were rscovered, | -

5.2 Wire tags

. A eilver wire tag with small plastic disks has been used for mark-recapture studiems -
of . crangon (Kourist, Mauch and Tiews, 1964; Meyer~-Waarden and Tiewa, 1965 anﬂ Tiews,



Fig. 4 Shrimp marked with the Petersen dimk tag.
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1967)., The wire, 0.18 mm in diameter, is wrapped around the shrimp -between the

oarapace and the lst abdominal segment.  Colored plastic disks 6 mm in diameter are
attached to the wira, Some shrimp marked in this way were rsoovered more than 5 mo

after their release and had epparently molted without difficulty wbile the tag was im
place. | | |

5.3 Dart— and loop-type tegs

A variety of dart- and loop-~type tags have heen tested under laboratory conditions
at the Galveston Biological lLaeboratory. These tags were atitached to shrimp at several
sites on the cephalothorax and abdomen but the junotion between the cephalothorax and
abdomen was used moat frequentiy. Because the exoskeleton splits at this location
- during eodysis, it is & preferred site for tags. B | ‘

Dart- and loop-type tags which protruded through the exoskeleton frequently
caused serious infections. Even though some tagged shrimp survived for sev: 'al months,
the constant irritation prevented healing of the wound, and the infection persisted.
Antibiotics applied with the tag did not eliminate infections. These tage may be of
value in studies of migration routes, but mortality and growth rates of shrimp are
probably affeoted by the tags. | |

6  INTERNAL TAGS

6.1 Coded-wireg tags

A magnetized color-ooded wire tag'(Jefferta,'Bergmah and Fiscus, 1963) bas been

tested as A means of marking Pandalus platyceros Brandt (West, 1967, West and Chew,
1968; and Chew, perscnal communication). These cylindrical, stainless stsel tags

1.0 mm long and 0.25 mm in diameter were injeoted into the musculature of the 1lst ab-
dominal asegment. The tagged shrimp were held in squaria for K0 days without any
apparent mortality from tagging. Molting of the tagged shrimp wes as frequent as
that of untagged contrcls, and the wounds caused by insertion of the tags healed rapidly.
Vertiocal stripes of colored epoxy paint were applied to wire tags for identification.

The numerous possible combinations permit the identification of groups of tagged in-
dividuale. An sutomatic device whioh injects these tage rapidly into the same positiom
in sach animal hams been developed by the Technical Research Company. After being

inserted into the animals, the tags are magnetized soc that they may be detectied when
the shrimp are passed through an electronic detector. | i

6.2 Vasaline-gigment marks

In addition to a ﬁark which is easily detected (primary mark), secondary marks
may be applied to shrimp to provide a means of identifying individual shrimp or groups
of shrimp. - | |

The method of marking with & Vaseline-pigment mixture was developed to aid in
rocognition of groups of shrimp marked with bioclogical stains (Klima, 1965). Minute
quantities (0.003 to 0.010 ml) of mixtures of l.3-percent Day-Glo fluorescent pigment
in Vaseline are injected into the abdominal musculature of the 4th and S5th abdominal
segments, Four pigments - Saturn yellow, Blaze orange, Arc yellow and Neon red -
can be distinguished readily under ultraviolet light. I |

Although Klima (1965) stated that the pigment usually remained at the injection
site, he observed traces of pigment in the ventral sinuses and gills. Further studies
of shrimp marked with the Vaseline-pigment mixture have revealed that particles of the
mixture gradually move towards the gill region during a period of geveral weeks and
acoumulate in the gills, This movement is particularly apparent if excessive amounts
of the Vaseline-pigment mixture are administered. -
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During the experiments conducted by Klimam (1965), the Vaseline~pigment mixture
in the bodies of shrimp apparently did not affeot their survival. In more reocent
‘experiments, however, the mean survival time of shrimp marked with primary and secon~
dary stains wae slightly lower than that of unmarked shrimp or of those marked with
only a primary stain. The seocondary mark has been used by personnel of the Biological
Laboratory at Qalveston in several fiesld experiments; +the perventage returned haa been
Eimilar for stained shrimp with and without the secondary mark. |

6.3 Palxgigxl-chloride tegs

For identifying individual shrimp marked with a biological stain, personnel at
the Biological Laboratory at UJalveston developed a small internal tag which can be
numbered. This tag is polyvinyl chloride 0.25 mm thick and is about 5 mm by 2 mm |
(Fig. 5). Slender forceps are used to insert the tag into the musculature of the let
abdominal segment through the articular membrane joining the ocarapace with the lst
abdominal megment. The tags are inserted laterally to minimize damage to the nervous,
digestive or circulatory systems (Fig. 6). Mortality of tagged and untaggad shrimp
hald in the labaratory wase not significantly different.

| Polyvinyl chloride tags were used recently in a series of field experiments with
brown shrimp. All shrimp were stained with Niagara sky blue so that they would be
recognized by commercial fishermen. In addition, shrimp were merked secondarily with
either the polyvinyl chloride tag or a small quantity of a fluarescent Vaselins-pigment
mixture as described earlier. About 20,000 marked shrimp were released in three separ-

ate experiments during May and June 1967. Of the 13,000 tagged shrimp released, 4.6
percent were returnsd, and 4.5 percent were returned fram the 7,000 marked seconﬂqrily ﬂ

with the Vassline-pigment mixture. Mortalities from marking with this teg apparently
were no more gsevere than those caused by the Vaseline-pigment mark.

7 AIDS IN HANDLING SHRIMP
7.1 Anesthetica

| The vigorous activity of shrimp during handling and marking often results in
injuries to the shrimp and loss of time to those doing the marking. Zein-Eldin (1963)
conducted tests with sodium pentabarbital, ethclorovynol, methylparafynol, tribromoe-
thanol, chlorobutanol, methol and tricaine methanesulfonate to determine which might be
suitable as an anesthetic for penmeid shrimp. Results reported by Zein-Eldin are as

- follows: "“The effective anesthetic dose for postlarval shrimp was found in all cases
to be gt least 10 times greater than that for fish of oomparable weight. Moreover,
there is a very narrow concentration range in which rapid sedation can be obtained and

maintained without fatality."

7.2 Bolding shrimp

Despite reasonable precautions teken to avoid injuring shrimp, some shrimp are
injured seriously as a result of handling and marking. In making estimates of .rates
of fishing mortality, it is desirable to have a reliable estimate of the number of

shrimp released. In mark-recapture experiments conducted by the (Galveston Laboratory,
- ghrimp are usually held aboard the research veasel for 12 h after marking to minimise

- post-release mortalities caused by the marking.

Two serious problema that arise when shrimp are held aboard vessels at sea are
the turbulence in the holding tanks caused by the conetant motion of the vessel, and
the fact that water temperatures in holding tanks may be different from the shrimps’
natural environment, Bacause of the turbulence, shrimp are tossed about in the tanks
with each sudden movement of the vessel and must ewim continuously. To counteract this
turbulence, baffles are placed in the holding tanke and irregular surfaces are provided
to which the shrimp may cling. Hater being held on the vessel may be warmed by the
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Fig. 5 Imtermal polyvinyl ehloride shrimp tags.



PFig. 6 Mathod of insertion of intermal polyvinyl chleoride tags.
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air and sun, or, if surface water is heing pumped into the holding tanks, it may be
warmer than the water from which the shrimp were taken. The temperature change to
which the shrimp then are subjected along with resulting changes in metabolic rates
and oxygen demand may make 1t impossible to hold live shrimp for any extended period.
Refrigeration of the water in the holding tanks to 2° 'to 5°C below the temperature of
the bottom water eliminates this problem and reduces the metabolic rate of the shrimp.
This chiliing requires, however, the use of a closed system in which the water must ha'
changed regularly if live shrimp are to be held Euccessfully -

7.3 Methods of releasing marked shrimp

- Predation at the time of release may cause losses of the marked shrimp. These
losses blas mortality estimates based on the number of marked individuals released.
Because birds and fish prey upon marked shrimp released at the surface, several types
of release boxes have been designed to insure that shrimp reach the botton. 'The use
of tunese devices 1ncreases the shrimps' chances of being able to burrow into the sub-
strate before predators capture them, |

Release canisters presently in use at the Biological laboratory at Galveston are
disposable and can be used while the vessel is underway (Benigno and Emiliani, personal
communication). They are constructed from resilient styrene sheets and have a release
mechanism consisting of a rubber band and salt block. The size of the salt block de-
termines the time elapsing before the shrimp within the box are released (TFig. 7).

Fig. 7 Disposable release canister:

A. Unassembled

'B. Ready for loading

€. Closed with release
mechanism in place.
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8  CONCLUDING REMARKS
: Because no method of marking shrimp is ideal, the method best suited fuf §aah
- particular study must bs chosen by considering the harmful effects of a park against
its advantages. Faotors limiting the types of marks which may be used successfully

are the behavior of the species, the oonditionsunder which it is being oaptured and
‘marked, and the specific information being mought, |

Several typua:uf marks diucuised in this paper have not been umsed extenaively but

 show promise. Continual refinement of known marking methods and development of new .

techniques are an important part of shrimp research.
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